(19) 



J 



(12) 



EuropSIsches Patentamt 
European Patent Office 
Office europeen dee brevete 



(11) EP 0 734 468 B1 

EUROPEAN PATENT SPECIFICATION 



(45) Date of publication and mention 
of the grant of the patent: 
06.10.1999 Bulletin 1999/40 

(21) Application number: 95903331.7 

(22) Date of filing: 09.12.1994 



(51) Intel.*: D07B 1/06, D07B 7/02 

(86) International application number: 
PCT/EP94/04096 

(87) Internationa] publication number: 

WO 95/16816 (22.06.1995 Gazette 1995/26) 



(54) OPEN STEEL CORD STRUCTURE 

OFFENE STAHLKORDKONSTRUKTION 
STRUCTURE OUVERTE POUR CABLE METALLIQUE 



(84) Designated Contracting States: 
AT BE DE ES FR GB GR IT LU 
Designated Extension States: 
SI 

(30) Priority: 15.12.1993 EP 93203523 
08.03.1994 EP 94200584 
19.05.1994 EP 94201415 

(43) Date of publication of application: 
02.10.1996 Bulletin 1996/40 

(73) Proprietor N.V. BEKAERT S.A. 
8550 Zwevegem (BE) 



ffl 

00 



Q. 

LU 



(72) Inventors: 

• VAN GIEL, Frans 
B-8553 Otegem (BE) 

• DEVOS, Xavler 
B-9700 Oudenaarde (BE) 

(74) Representative: Messely, Marc, Ir. et al 
N.V. Bekaert S.A., 
Bekaertetraat 2 
8550 Zwevegem (BE) 



(56) References cited: 
EP-A- 0 363 893 
FR-A- 1 293 015 
US-A-5 020 312 



EP-A- 0 462 716 
US-A- 4 258 543 



Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give 
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in 
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art. 
99(1) European Patent Convention). 



Printed by Jouve. 75001 PARIS (FR) 



EP 0 734 468 B1 



Description 

FIELD OF THE INVENTION 

5 [0001] The present invention relates to a steel cord and to a steel cord fabric tor the reinforcement of elastomeric 
products such as rubber tires, conveyor belts, timing belts of polyurethane or of rubber, hoses, mandrels etc. 
The invention also relates to a process for manufacturing a steel cord for the reinforcement of rubber products and to 
a device for deforming a strength element of a steel cord. 

10 BACKGROUND OF THE INVENTION 

[0002] One of the major requirements put upon steel cords is full penetration of the elastomer such as rubber. This 
means that rubber must be able to penetrate into the cord between the composing elements and fill all possible inter- 
stices in order to reduce fretting and tensions between the elements and to avoid moisture from travelling along the 
is cord, which would cause a lot of corrosion and which would considerably reduce the life of the cord and the rubber 
product. 

[0003] The prior art has already provided some solutions which result in cords having rubber penetration. In patent 
documents US-A-4 258 543 and US-A-4 399 853 the solution consists of mechanically preforming the composing steel 
filaments of the steel cord beyond their elastical limit in such a way that the resulting steel cord takes an open form : 

20 due to the plastical deformation of the steel filaments such steel cords have 'macro-gaps' along their length which 
ensure rubber to penetrate into the cord. Such steel cords, however, have also an important disadvantage : in order 
to ensure a complete rubber penetration a large degree of plastical deformation and hence a large degree of openness 
is required. This leads to steel cords having too great a cord diameter and having too high a part load elongation (PLE). 
This may cause constructional instabilities in the twisted cord. When embedded in the breaker layer of a tire, such 

25 steel cords can have a bad influence on the steering properties and on the durability of the tire. 

[0004] Prior art document EP-A-0 462 71 6 has provided a solution to the above problem of constructional instability. 
It discloses a steel cord having steel filaments which have been deformed in such a way that they take a helicoidal 
form with a helicoidal pitch which is smaller than the pitch of the steel cord and with a helicoidal diameter which is 
somewhat greater than the filament diameter. Due to the fact that the helicoidal pitch of this helicoidally deformed 

30 filament is smaller than the twist pitch of the steel cord more than one 'micro-gap' has been created per twist pitch. 
The term micro-gap is here used in order to make a distinction between the above-mentioned term macro-gaps. Micro- 
gaps are smaller in size but are more in quantity than the above macro-gaps. The sizes of micro-gaps are substantially 
smaller than the twist pitch of the steel cord. Due to these micro-gaps rubber is still able to penetrate completely into 
the steel cord without such steel cord having the disadvantage of a cord diameter which is too great and a part toad 

35 elongation which is too great. The helicoidal filaments, however, are obtained by means of externally driven deformation 
pins which must rotate at a speed which is higher than twice the rotation speed of a double-twister which twists the 
steel cord. This is a rather energy-consuming and expensive way of manufacturing. 

[0005] Yet another prior art document US-A-5 020 312 discloses another way of deforming some or all of the steel 
filaments composing the steel cord in order to obtain a steel cord with full rubber penetration. Some or all of the steel 

40 filaments pass between the tooth surfaces of a pair of geaNike elements so that they obtain a zig-zagging shape. The 
pitches between two teeth of these gear-like elements can be chosen so that here again more than one micro-gap 
between the steel filaments can be obtained per twist pitch of the steel cord. As a consequence, full rubber penetration 
is again guaranteed without having the disadvantage of a relatively great part load elongation. The two gear-like ele- 
ments are not driven by means of an external force but are driven by the steel filaments themselves. So this process 

45 is not energy-consuming and is not expensive. This embodiment, however, has the disadvantage that the gear-like 
elements may roll the filaments to some extent, which may either cause damage to the steel filaments, and especially 
to the thin coating layer (conveniently brass or zinc with a thickness which is much less than 1 micrometer), or may 
lead to a lot of wear on the gear-like elements themselves, or both. Damage caused to coated steel filaments can 
considerably decrease the fatigue resistance and the adhesion strength of these steel filaments. 

so 

SUMMARY OF THE INVENTION 

[0006] It is an object of the present invention to provide for a steel cord which does not have the disadvantages of 
the prior art. It is a further object of the present invention to provide for a steel cord with full rubber penetration, with a 
ss low PLE, which is not expensive to manufacture and which has no damage to its composing steel elements. 

It is yet another object of the present invention to provide for a steel cord with an increased resistance against repeated 
bendings and an increased resistance against repeated tensile loads. 

[0007] According to a first aspect of the present invention, there is provided a steel cord comprising a plurality of 
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strength elements each twisted with a twist pitch into the cord. Each of the strength elements has a projection in a 
(YZ-) plane perpendicular to a longitudinal (X-) axis of the steel cord. This projection takes the form of a two-dimensional 
curve throughout at least one twist pitch length, as viewed in the longitudinal axis direction. The curve of at least one 
of the strength elements is convex throughout at least one twist pitch length. The convex curve has a radius of curvature 
5 which varies between a maximum and a minimum so that micro-gaps are formed between the convexly curved strength 
element and the other adjacent strength elements. These micro-gaps are smaller than the twist pitch and enable rubber 
penetration. 

[0008] The terms 'steel cord' do not mean that all the composing elements need to be steel elements but mean that 
the majority of the composing elements are steel elements. Other elements of e.g. nylon or aramide may also be 
10 present as strength element or as filling element in the cord. 

The term 'elements' both refers to single filaments and to strands comprising a plurality of single steel filaments. There 
is no particular limit as to the specific form of the elements. Conveniently, the elements have a substantially circular 
cross-section, but elements with a flat, rectangular or oval cross-section are not excluded. 

The terms 'strength element' refer to an element (filament or strand) which substantially contributes to the total breaking 
is load of the steel cord. The terms 'strength element 1 do not refer to a wrapping filament since this wrapping filament 
does not contribute substantially to the breaking load of a steel cord. In this sense, a distinction has been clearly made 
between the invention cord and the steel cord disclosed in JP-A-63-1 10 002 where the projection of only the wrapping 
filament forms a convex and polygonal curve on a plane perpendicular to the longitudinal axis of the cord. 
The term 'pitch 1 refer to the twisting pitch of the particular strength elements in the cord. A cord may have more than 
20 one twisting pitch : e.g. a cord with two layers around a core, one twist pitch for the core structure, one twist pitch for 
the intermediate layer and another twist pitch for the outer layer. The specific value of the twist pitches may vary from 
a few millimeter on, e.g. 5 mm to an infinite value. In this last case the relating strength elements are not twisted. In 
case of only one strength element in the cord, the pitch has also an infinite value. 

Feature (ii), a substantially different curve, means that or the amplitude, or the phase, or both of this curve are sub- 
25 stantially different from the amplitude or the phase of the other curves. 

[0009] EP-A-0 363 893 and US-A-4 572 264 disclose steel cords showing the features of the pre-charaeterizing 
portion of claim 1. However, all filaments run parallel to one another and that, as a consequence, no micro-gaps are 
formed. 

[0010] Preferably, for an invention cord the distance between two minimum radii of curvature is smaller than half the 
30 pitch of the element which provides the convex curve. This is in order to avoid a wavy cord with too high an arc height. 
[0011] Usually, the convex curve described by the projection of at least one of the strength elements on a plane 
perpendicular to the longitudinal axis approximately takes the form of a polygon with rounded edges, over a length 
equal to the twist pitch of the relevant element. This polygon can be a triangle, a quadrangle, a pentagon, a hexagon, 
etc. 

35 [0012] All the composing strength elements of the cord or only a subgroup of them may provide said convex curve. 
[0013] In a first embodiment of the invention cord, the strength element is a steel strand which comprises a plurality 
of single steel filaments. Examples of such cords are following multistrand constructions : 

- 3x3, which means three strands of each three filaments ; 
40 - 4x4, e.g. in a high-elongation (HE) version ; 

- 4x2, which means four strands of two filaments each, e.g. in an elongation (E) version ; 

4 x (1 + 5), which means four strands, each strand comprising a core filament and five layer filaments ; 

- 7x3; 

3x7, e.g. in a high-elongation (HE) version ; 
45 - 7x4; 

- 4x7, e.g. in a high-elongation (HE) version ; 

- 7x19; 

19 + 7x7, which means a core strand of 1 9 filaments and seven layer strands of seven filaments each ; 

- 7x31; 

so - 1x3 + 5x7. 

[0014] According to the present invention, the projection of the strand as a whole on a plane perpendicular to the 
longitudinal axis of the cord describes a convex curve in order to allow for rubber penetration between the strands. 
Each strand however, may comprise one or more filaments the projection of which, in their turn, also describes a convex 
55 curve in order to allow for rubber penetration between the individual filaments within a strand. 

[0015] In a second embodiment of the invention cord, the strength element is an individual steel filament. Examples 
of such invention cords are : 
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- 1 x n (where n is the number of filaments which is greater or equal to one and smaller or equal to five) ; 

I + m (where I is the number of core filaments and m the number of layer filaments around the core, e.g. 1 +6, 3+9, 
3+6, 3+7, 2+7, 2+8, 3+8) ; 

I + m + n (where I is the number of core filaments, m the number of filaments in an intermediate layer around the 
5 core and n the number of filaments in an outer layer, e.g. 1+6+12, 3+9+15, 3+8+13, 1+4+10) ; 

1 x n CC (a so-called compact cord where all the n filaments have the same twist pitch and the same twist direction, 
n varies between six and twenty-seven). 

[0016] If the invention cord is a 1 x 2, a 1 x 3, a 1 x4ora1 x5 - cord, each of the individual steel filaments has a 

10 PLE at a tensile tension of 50 Newton which differs no more than 0.20 % and preferably no more than 0.10 % (absolute 
values and not relative values) from the PLE of each of the other steel filaments, regardless of the fact whether or not 
the projection of a steel filament provides a convex curve. This feature, namely a cord only composed of filaments with 
PLE in a small range, is advantageous for the construction stability of the cord. The EP-A-0 462 716<x>rd does not 
have that feature since the helicoidal filaments have a PLE which is much greater than the non-helicoidal filaments 

is and since not all filaments are helicoidal filaments. The US-A-5 020 312-cord only has that feature if all composing 
filaments have been deformed in the zig-zagging shape. This is with respect to the PLE at filament level. 
[0017] With respect to the PLE at cord level, a1x2,a1x3, a1x4ora1x5 invention cord preferably have a 
(cord-)PLE which is lower than 0.30 %, and preferably lower than 0.25 %. e.g. lower than 0.20 %. As explained here- 
above, such a low PLE at cord level, also promotes the constructional stability of a cord. 

20 [0018] For both the cord level and the filament level, the PLE is defined as the increase in length of a test specimen 
(cord or filament), which results from subjecting it to a defined force (usually 50 Newton) from a defined pre-tension 
(usually 2.5 Newton) onwards. The elongation is expressed as a percentage of the initial length of the specimen. 
[0019] If the invention cord is a 1 x n CC compact cord, its transversal cross-section shows a compact configuration 
of the cross-sectional surfaces of the individual filaments. According to this cross-section, the cord can be divided into 

25 combinations of three filaments each, where these three filaments form a triangle' of neighbouring filaments enclosing 
a central void. If the three filaments of each such combination mutually contact one another, rubber cannot penetrate 
into the central void and moisture may travel in the void along the whole cord. Therefore, according to a particular 
embodiment of the invention cord, at least one of the filaments of every such a combination has a projection which 
provides a convex curve in order to create micro-gaps between the three filaments and to allow rubber to penetrate to 

30 the central void during vulcanization. 

[0020] According to a second aspect of the present invention, there is provided for a fabric comprising a weft and a 
warp. The weft or the warp or both are at least partially formed by steel cords according to the first aspect of the present 
invention. 

[0021] According to a third aspect of the present invention, there is provided for a process for manufacturing a steel 
35 cord having a a longitudinal axis and comprising strength elements each twisted with a twist pitch into the cord. Each 
of the strength elements has a projection in a (YZ) plane perpendicular to the longitudinal (X) axis and taking the form 
of a two-dimensional curve throughout at least one twist pitch, as viewed in the longitudinal axis direction. 
[0022] The invention process comprises as steps : 

40 - subjecting at least one of the strength elements to a bending operation so that this strength element obtains a 
convex curve throughout at least one twist pitch length ; 

bringing this convexly curved element together with the other elements to form the steel cord. 

[0023] The bending operation is such that the convex curve has a radius of curvature varying between a maximum 
4$ and a minimum so that micro-gaps are formed between the convexly curved element and adjacent elements. 

[0024] According to a fourth aspect of the present invention, there is provided for a device for deforming a strength 

element of a steel cord. The invention device comprises a body having a central axis and a circumferential surface. 

The body is rotatable around its central axis when a strength element is drawn over an angle of at least 90° over its 

circumferential surface. The circumferential surface has a radius of curvature which alternates between a maximum 
so and a minimum so as to give to the strength element which passes over it a convex^urve with a radius of -curvature 

which alternates between a maximum and a minimum. 

[0025] The invention steel cord can be manufactured in basically two ways : 

1) the invention device which gives the convex curve to the projection of the element, does not rotate with the 
55 twisting apparatus (although it rotates around its own central axis), and the twisting apparatus is a single-twister 

or a double-twister which subjects the individual steel elements to a rotation around their longitudinal axes ; 

2) the invention device which gives the convex curve to the projection of the element, rotates with the twisting 
apparatus (and also around its own central axis) and the twisting apparatus does not subject the individual steel 
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elements to a rotation around their longitudinal axes ; an example of such a twisting apparatus is a tubular strand 
machine. 

[0026] In both cases a plastical compression zone and a plastical tension zone may be created in a cross-section 
5 of an element at least at the smallest radius of curvature. 

In the first case, the compression zone and the tension zone remain stationary with respect to the steel element. The 
steel filament is rotated around its central axis. 

In the second case, the steel element as such is not rotated around its central axis, but the compression zone and the 
tension zone rotate around the steel element along the length of the steel element. 

w 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0027] The invention will be now explained into more detail with reference to the accompanying drawings wherein 

is Figure 1 shows the step of subjecting at least one of the elements of an invention cord to a bending operation 

according to an invention process ; 

Figure 2a and Figure 2b schematically show other embodiments for subjecting at least one of the elements of an 
invention cord to a bending operation according to an invention process ; 

Figure 3a and Figure 3b show respectively a longitudinal view and a frontal view of a strength element of an 
20 invention cord which has been subjected to the invention process ; 

Figure 4 shows a transversal cross-section of an invention steel cord comprising steel strands as strength 
elements ; 

Figure 5 shows a transversal cross-section of a 1 x 4 invention steel cord comprising steel filaments as strength 
elements ; 

25 Figure 6 shows a PLE-curve of a 1 x 4 invention steel cord ; 

Figure 7a, Figure 7b, Figure 8a, Figure 8b, Figure 8c and Figure 9 show transversal cross-sections of invention 
steel cords ; 

Figure 10 shows a schematic drawing of an invention fabric ; 

Figure 11a and Figure 11b show schematically how a measurement is carried out in order to distinguish prior art 
30 cords from invention cords ; 

Figure 12, Figure 13, Figure 14 and Figure 15 show YZ-curves of invention cords ; and 
Figure 16, Figure 17 and Figure 18 show YZ-curves of prior art cords. 

DESCRIPTION OF A PREFERRED EMBODIMENT OF THE INVENTION 

35 

[0028] Referring to Figure 1 , a hard-drawn steel filament 100 with a diameter of 0.28 mm passes over an invention 
deforming device 102. This deforming device 102 comprises a number of deforming pins 104 which are fixedly con- 
nected to the deforming device 102. The deforming device 102 is characterized, amongst others, by a diameter D of 
a circle circumscribing all the deforming pins 104 and by the number of the deforming pins 104 and by the diameter 

40 of the pins 104. The diameter D determines the PLE. The diameter of the deforming pins 104 is smaller than 5 mm for 
a filament 100 with a diameter of 0.28 mm. Deforming pins having a diameter greater than 5 mm would result in too 
small a tensile tension needed to completely close the cord. The diameter of the deforming pins is preferably greater 
than or equal to 2 mm for a filament diameter of 0.28 mm. Deforming pins with a diameter smaller than 2 mm would 
decrease the tensile strength of the steel filament too much because of too high a local deformation. 

45 [0029] More generally, the suitable range of the diameter of the deforming pins depends upon the tensile strength 
and upon the diameter of the element to be deformed. The higher the tensile strength of the element the smaller the 
diameter of the deforming pins, and vice versa. The smaller the diameter of the element the smaller the possible 
diameter of the deforming pins, and vice versa. 

The diameter of the deforming pin determines the minimum spatial (three-dimensional) radius of curvature of the de- 
50 formed filament. This minimum spatial radius of curvature is greater than the diameter of the deforming pin since some 
stretching occurs during the twisting process after the deformation. The maximum spatial radius of curvature can take 
almost an infinite value since the deformation between the deforming pins is not that great. It is hereby understood 
that the radii of curvature mentioned in the claims are two-dimensional or planar radii of curvature in the YZ-plane and 
that their values are consequently much smaller. 
55 [0030] The entire deforming device 102 is rotatably mounted but is not driven by an external energy source. The 
deforming device 102 is driven by the filament 100 itself. No slip occurs between the filament 100 and the deforming 
device 102 so that the wear caused to the deforming device is limited and so that no damage is caused to the steel 
filament 100. This is an advantage with respect to the prior art cord as disclosed in US-A-5 020 312. As a result of 
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passing over the particular deforming device 1 02, the steel filament 1 00 is bent in a special way : the radius of curvature 
alternates between a minimum at the level of the preforming pins 104 and a maximum in between the preforming pins 
104. Removing the tension from the thus bent steel filament 100 no longer results in a so-called 'cast' of subsequent 
substantially circular forms but in a cast 106 of subsequent approximately polygonal forms with rounded edges. The 
s rounded edges of the polygon correspond to the minimum radii of curvature whereas the sides of the polygon corre- 
spond to the maximum radii of curvature. The minimum radius of curvature is determined by the diameter of the de- 
forming pins 1 04 and the length of the sides of the polygon is determined by the distance between the deforming pins 
104. 

[0031] Other deforming devices which differ in structure from the disclosed deforming device of Figure 1 but which 

10 result in similarly deformed steel filaments may be conceived : for example, a rotatable single deforming pin 102 made 
of hard metal and having a substantially polygonal cross-sectional shape with rounded edges 108 and sides 110 (Figure 
2a) or an elongated cross-sectional shape (Figure 2b) can also deform the steel filament in the way of the invention. 
[0032] The thus deformed steel filament 1 00 is further twisted by means of a double-twister with other steel filaments 
which may have been deformed in the same way or not, into a steel cord. This results in a steel filament 100 which 

is has been shown in Figure 3a (longitudinal view) and Figure 3b (front view). The X-axis is parallel to the longitudinal 
and central axis 112, while the Y-axis and the Z-axis lie in a plane perpendicular to the central axis 112. Note that Figure 
3b shows also an almost polygonal form with rounded edges rather than the usual circular form (it is hereby understood 
that the scales in Y- and Z-direction are much larger than the scale in X-direction). The radius of curvature of this 
filament 100 alternates between two extremes : a minimum at the points where the highest bending has been given 

20 and a maximum at the points where the smallest bending has been given. As a consequence of the rotating of the 
filament 100 around its own longitudinal axis, the radius of curvature of this filament always points in the direction of 
a central axis 112 of the cord and this along the length of the cord. This means that the polygon has a convex form. In 
other words, after deformation, after having been twisted and after removing all external tensions, the zone of plasticat 
tension of the steel filament always lies radially inward while the zone of plastical compression lies radially outward. 

25 This is a fundamental difference with a filament which has been subjected to a deformation treatment between two 
gear-like elements, as disclosed in US-A-5 020 312 : the zig-zagging shape of the steel filaments has a radius of 
bending which continuously changes of direction. This results in a front view (YZ-plane) which shows convex and 
concave forms. 

Generally and theoretically, with a distance between two minimum radii of curvature which is equal to one third of the 
30 twist pitch a triangle is obtained, with a distance between two minimum radii of curvature which is equal to one quarter 
of the twist pitch a quadrangle is obtained, etc... 

[0033] Figure 4 shows a transversal cross-section of a 7 x 1 9 multistrand steel cord construction adapted - amongst 
other applications - for the reinforcement of conveyor belts. The steel cord 114 comprises a core strand 116 which is 
surrounded by six layer strands 118. The core strand 1 1 6 consists of a core filament 1 20, six intermediate layer filaments 

35 1 22 surrounding the core filament 1 20 and twelve outer layer filaments 1 22 surrounding the intermediate layer filaments 
124. Each layer strand 118 consists of a core filament 126, six intermediate layer filaments 128 surrounding the core 
filament 1 26 and twelve outer layer filaments 130 surrounding the intermediate layer filaments 128. 
In order to obtain full rubber penetration between the strands 116 and 118, one or more strands as a whole can be 
subjected to the deforming operation which has been described above with respect to a single steel filament 100. In 

40 this way the deformed strands take the particular convex curve in a YZ-plane and create a plurality of micro-gaps 
between them and the other strands in order to allow the rubber to penetrate. 

[0034] In this Figure 4, and also in Figures 5, 7a, 7b, 8a, 8b, 8c and 9, filaments which have been subjected to the 
deformation process as described in Figure 1 and which provide the particular convex curve in a YZ-plane, have been 
cross-hatched and will be designated as 'specially deformed filaments', while the other filaments have been hatched 
<5 only in one direction. 

[0035] Referring back to Figure 4 alone, in order to obtain full rubber penetration in every strand 116, 1 18, following 
teaching according to the present invention can be applied : three of the six intermediate filaments 1 22, 1 26 are specially 
deformed filaments and alternate with other filaments in the intermediate layer of each strand 116, 118 ; six of the 
twelve outer layer filaments 124, 130 are specially deformed filaments and alternate with other filaments in the outer 

so layer of each strand 116,118. 

[0036] Figure 5 shows a transversal cross-section of a single-strand steel cord 1 1 4 according to the present invention. 
The invention steel cord 114 consists of a specially deformed filament 100 and of three 'normal' steel filaments 132. 
In order to have a constructionally stable steel cord 114 where all (four) filaments have the same length, the three 
'normal' steel filaments 132 have also been plastically deformed (although not in the special way according to the 

55 invention). This is the reason why in Figure 5 gaps are even present between the steel filaments 132 mutually. These 
gaps, which are in fact 'macro-gaps', are, however, kept between limits by subjecting the thus formed steel cord to a 
straightening operation. This straightening operation both reduces the PLE and improves the arc height of the steel cord. 
[0037] Figure 6 shows a particular PLE-curve 1 34 of a 1 x 4 invention cord. It is remarkable that the point 1 36 where 
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a straight line leaves the upper part of the PLE-curve 134, lies above the pretension of 20 Newton. This means that 
the point 136 where individual filaments of the steel cord come together and where rubber penetration is no longer 
possible, lies above the pre-tension of 20 Newton which is normally used when embedding the steel cords in rubber. 
In other words, at a pretension of 20 Newton, rubber penetration is still guaranteed. 

5 [0038] Figure 7a and Figure 7b show cross-sections of two embodiments of a 1 +6 -cord according to the present 
invention. The steel cord 1 1 4 comprises a core filament 1 38 and six layer filaments 1 40, 1 40' which surround the core 
filament 138. In the embodiment of Figure 7a, only core filament 138 is a specially deformed filament, while the other 
filaments 140 have not been specially deformed. In the embodiment of Figure 7b, three of the six layer filaments 140' 
are specially deformed filaments, while the core filament 1 38 and the other layer filaments 1 40 have not been specially 

io deformed. Specially deformed filaments 140' alternate with normal filaments 140 in the layer. 

[0039] Figure 8a shows the cross-section of a 3 + 9 -cord twisted in SS or SZ but not in a compact version. The cord 
114 comprises a core of three core filaments 142 surrounded by a layer of nine layer filaments 144. The three core 
filaments 142 are specially deformed steel filaments, the layer filaments 144 are normal filaments. In this way the 
central void between the three core filaments 142 is avoided and rubber can envelop every single filament 142. 144. 

is [0040] Figure 8b shows the cross-section of a 1 x 12 CC-cord in a compact version and Figure 8c shows the cross- 
section of a 1 x 10 CC-cord in a compact version. The core filaments 146. 150 may or may not have a larger diameter 
than the layer filaments 148, 152. The core filaments 146, 150 are specially deformed filaments, the other filaments 
are normal filaments. For every possible combination of three filaments which form a triangle of neighbouring filaments 
in a cross-section, at least one filament is a specially deformed filament so that central voids are avoided and rubber 

20 penetration is guaranteed. 

[0041] Figure 9 shows the cross-section of a 1 x 19 CC-cord in a compact version. The core filament 154 may or 
may not have a larger diameter than the other filaments 156, 158. Three of the six intermediate layer filaments 156' 
are specially deformed filaments and alternate with normal filaments 156 in the intermediate layer. Six of the twelve 
outer filaments 158' are specially deformed filaments and alternate with normal filaments 158 in the outer layer. 

25 [0042] The invention is not limited to the above explicitly disclosed cord examples but can be applied to all kinds of 
steel cord where rubber penetration may form a problem. 

[0043] With reference to Figure 10, the invention cord can also be used as an element of a weave fabric, e.g. to 
reinforce conveyor belts. The weft elements 160 or the warp elements 162, or both, are steel cords which comprise 
specially deformed steel filaments. 

30 

TEST 1 

[0044] Four steel cords according to the present invention have been made and tested : 

35 - no. 1 : 4x0.28 cord with only one specially deformed filament ; 
no. 2 : 4x0.28 cord with two specially deformed filaments ; 
no. 3 : 4x0.28 cord with three specially deformed filaments ; 
no. 4 : 4x0.28 cord with four specially deformed filaments. 

40 Although it has been found that larger twist pitches are possible with these specially deformed filaments, all the above 
steel cords 1 to 4 have a pitch length of 1 2.5 mm. 

[0045] The special deforming device 1 02 used in this test had six deforming pins 1 04 with a pin diameter of 2 mm each. 
[0046] The table hereunder lists the obtained test results. For the rubber penetration test a sample cord length of 
12.7 mm has been embedded under a pretension of 20 Newton in a small rubber beam which is subsequently put 
45 under pressure of 1 bar. The loss in pressure has been recorded. This loss in pressure indicates the degree of rubber 
penetration. No pressure loss means full rubber penetration. 



Table 1 : 



test results 




invention steel cords 


1 


2 


3 


4 


rubber penetration (% loss in pressure) 


0 


0 


0 


0 




0 


0 


0 


o 




0 


0 


0 


0 
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Table 1 : (continued) 



10 



15 



test results 




Invention steel cords 




1 


2 


3 


4 


PLE (50 N) (%) 


0.230 


0.223 


0.244 


0.229 




0.242 


0.218 


0.244 


0.244 




0.236 


0.223 


0.242 


0.240 


E-modulus (MPa) 


206571 


210902 


194463 


194816 




227170 


197466 


210723 


199752 




196534 


211182 


213430 


205776 



Rubber penetration is complete for all four embodiments despite the relatively low part load elongation PLE at 50 
Newton : all PLE values remain under 0.25 %. 



TEST 2. 



20 



25 



30 



35 



40 



45 



SO 



55 



[0047] In a second test two invention cords have been compared with prior art cords with respect to the resistance 
against repeated bondings and with respect to the resistance against repeated tensile loads. 
[0048] Following cords have been tested : 



1) 4x0. 

2) 4x0 

3) 4x0. 

4) 4 x 0, 

5) 4x0 

6) 4x0 

7) 4x0 

8) 2 + 2 



28 invention cord with four specially deformed filaments and twist pitch 1 6 mm 
28 invention cord with four specially deformed filaments and twist pitch 12.5 mm 
28 closed cord, i.e. with all filaments in contact with each other in a cross-section, twist pitch = 12.5 mm ; 
28 open cord, i.e. a cord according to US-A-4 258 543, twist pitch = 12.5 mm ; 
28 cord with one one filament helicoidally preformed according to EP-A-0 462 716 ; pitch = 12.5 mm ; 
28 cord with one filament having a zig-zagging shape according to US-A-5 020 312 ; pitch = 12.5 mm ; 
28 cord with four filaments having a zig-zagging shape according to US-A-5 020 312 ; pitch = 12.5 mm ; 
x 0.28 cord according to US-A-4 408 444 ; pitches : infinite value and 12.5 mm. 



The resistance against repeated bendings is measured by subjecting a rubberized cord sample under a tensile tension 
of 1200 MPa to repeated bendings over a wheel with a diameter of 26 mm until fracture of the cord. This is carried out 
twice, once without pre-conditioning the test sample with water, and once with pre-conditioning the test sample with 
water. This pre-conditioning with water is done by connecting one side of the test sample where a length of the cord 
protrudes from the rubber to a water pipe under a water pressure of 1.5 bar and during a period of 5 minutes. 
The resistance against repeated tensile loads is measured by subjecting a rubberized cord sample to a tensile tension 
which periodically varies between of 880 MPa - X % of 880 MPa and 880 MPa + X % of 880 MPa. The starting amplitude 
X is 50 %, which means 440 MPa. After 100000 periods the amplitude X is increase with 10 % and so on until the cord 
breaks. This test has been carried out three times. 

Table 2 : 



test results. 



resistance against repeated 
bendings dry 



pre-conditioned with water 



resistance against repeated tensile 
loads 



CORD 


(number of bendings) 


1) 


128453 


122203 


2) 


112686 


117414 


3) 


94346 


15635 


4) 


43293 


21922 


5) 


50002 


52080 


6) 


54470 


78743 


7) 


22508 


23089 



(X in %) 



80 / 90/100 
80 / 80 / 90 
80/90/80 
70/70/80 
70 / 90 / 80 
60 / 70 / 70 
>50 / 50 / 50 
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Table 2 : (continued) 



test results. j 




resistance against repeated 
bendings dry 


pre-conditioned with water 


resistance against repeated tensile 
loads 


CORD 


(number of bendings) 


(X in %) 


8) I 


98612 1 71250 





10 [0049] The invention cords 1 ) and 2) are particularly characterized by a very high resistance against repeated bend- 
ings and by the fact that this high resistance does not decrease after preconditioning the rubberized cords with water. 
The resistance against repeated tensile loads of the invention cords 1) and 2) is higher or equal to the resistance of 
the prior art cords. 

[0050] Figures 11a and 11b illustrate schematically the framing of a test equipment which is used in order to distin- 

15 guish prior art cords from invention cords. 

To that purpose, a sample length of about 1 0 cm of a steel filament 1 00 is disentangled from a twisted steel cord without 
plastically deforming the steel filament 100. The sample steel filament 100 is mounted horizontally between two fixing 
points 1 66 and 168 under a slight tension just high enough to keep it horizontally and to avoid substantial deformation 
of the form of the filament at least in the middle part of the sample length. If the mounting is not exactly horizontal, later 

20 software correction is possible. The sample steel filament 100 is then scanned in the longitudinal X-direction 174 by 
means of a KEYENCE LS 3034 laser head which consists of a laser beam emitter 170 and a laser beam receiver 172. 
The laser head 170, 172 measures the distance 176 between a reference level and the lower side of the sample 
filament 100 (= distance Z). Processing of the measurement is done by means of a KEYENCE LS 3100 unit. After 
measuring the distance Z for the whole length, the sample filament is rotated over 90° and the distance Y is measured 

25 for the whole length. By means of a personal computer a YZ-curve is generated. 

[0051] The above described distinguishing test has been carried out on seven 1x4x0.28-steel cords all having a twist 
pitch of 16 mm. Four of these steel cords are invention cords and their YZ-curves are shown in Figures 12 to 15 and 
three of these steel cords are prior art cords and their YZ-curves are shown in Figures 16 to 18. 
[0052] Figure 1 2 shows the YZ-curve of a specially deformed steel filament taken out of a 1 x4x0.28 invention steel 

30 cord and this for only part of the distance between the two fixing points 1 66 and 1 68, namely for a length X of 1 7 mm. 
The maximum value in both the Y- and in the Z-direction is +0.385 mm and the minimum value in both the Y- and in 
the Z-direction is -0.133 mm. Diameter D of the preforming device 102 was 10 mm, the deforming device had six pins 
104 with a pin diameter of 3 mm, and the distance between the pins 104 was 5 mm. Theoretically, the YZ-curve must 
show a polygonal form with 16 mm/5 mm = 3.2 rounded edges per twist pitch of the cord. More generally, the twist 

35 pitch divided by the distance between the deforming pins determines the polygonal shape. 

The curve 178 which is depicted on Figure 8 almost takes the form of a flattened triangular, so with three rounded 
edges. The flattening is a consequence of the straightening operation carried out on the cord after its formation and 
the three rounded edges substantially correspond to the theoretically predicted factor 3.2. the The curve is that of a 
convex polygon, without concave parts. 

40 [0053] Figure 1 3 shows the YZ-curve of a specially deformed steel filament taken out of a 1 x4x0.28 invention steel 
cord and this for a length X of 16.9 mm. Diameter D of the preforming device 102 was 8 mm, the deforming device 
had nine pins 104 with a pin diameter of 2 mm, and the distance between the pins 104 was 2.5 mm. Theoretically, the 
YZ-curve must show a polygonal form with 16 mm/2.5 mm = 6.4 rounded edges per twist pitch of the cord. The curve 
180 which is depicted on Figure 9 takes the form of a flattened hexagon, so with six rounded edges. The flattening is 

45 again a consequence of the straightening operation carried out on the cord after its formation and the six rounded 
edges substantially correspond to the theoretically predicted factor 6.4. 

[0054] Figures 14 and 15 show other YZ-curves of specially deformed steel filaments taken out of invention steel 
cords. 

[0055] All Figures 12 to 15 have in common that they show more or less flattened polygonal forms with rounded 
so edges. Their form is, apart from measurement errors, always convex and never concave. This is a consequence of 

the special way of preforming according to the invention which results for each transversal cross-section in a tension 

zone which points to the central axis of the cord. Note that the polygon is not necessarily closed per twist pitch of the cord. 

[0056] Figure 1 6 shows a YZ-curve 1 86 of a prior art cord according to US-A-4 258 543. Here the deformation device 

consists of only one cylindrical deformation device which gives to the filament a constant radius of curvature and the 
55 YZ-curve should be theoretically a circle. The form of curve 186 is very close to a circle. 

[0057] Figure 17 shows a YZ-curve 188 of a prior art cord according to EP-A-0 462 716 (helicoidal deformation). 

Curve 188 shows a number of concave parts 190. 

Finally, Figure 18 shows a YZ-curve 192 of a prior art cord according to US-A-5 020 312 (zigzagging shape). Here 
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again, curve 1 92 shows a number of concave parts 1 94. 

The concave parts 190 and 194 are a consequence of the fact that the position of the zone of tension changes over 
the length of the filaments. At one point the tension zone is located radially inwardly and at another point the tension 
zone is located radially outwardly. 
5 [0058] It goes without saying that the above-described invention is applicable to all kind of filaments suitable for 
elastomer reinforcement, independent of its exact diameter, its specific steel composition, its tensile strength or its 
particular coating. 

[0059] In this respect, the steel filaments conveniently have a diameter ranging from 0.03 mm to 0.80 mm, and 
preferably from 0.15 mm to 0.45 mm. The steel filaments have a composition which is along the following lines : a 
10 carbon content ranging from 0.70 to 0.98 %, a manganese content ranging from . 1 0 to 1 . 1 0 %, a silicon content ranging 
from .10 to 0.90 %, sulphur and phosphorous contents being limited to 0.15 %, preferably to 0.010 % ; additional 
elements such as chromium (up to 0.20 - 0.40 %), copper (up to 0.20 %), nickel (up to 0.30 %), cobalt (up to 0.20 %) 
and vanadium (up to 0.30 %) may be added. 

The eventual tensile strength R m of the filaments depends upon its diameter : for example, a 0.2 mm normal tensile 
T5 filament has a R m of above about 2800 Megapascal (MPa), a 0.2 mm high tensile filament has a of above about 
3400 MPa, a 0.2 mm super high tensile filament has a R„, of above about 3600 MPa and a 0.2 mm ultra high tensile 
filament has a R m of above about 4000 MPa. 

The steel filaments are coated with a layer that promotes the adhesion to the rubber ; copper alloy coatings such as 
brass (either low - 63.5 % Cu - and high copper - 67.5 % Cu) or a complex brass coating (Ni + brass, brass + Co ...) 
20 are particularly suitable (these coatings can even be applied by means of plasma sputtering techniques). 



Claims 

25 1. A steel cord (114) comprising a plurality of strength elements (100, 116, 118) each twisted with a twist pitch into 
the cord, each of the strength elements having a projection in a (YZ) plane perpendicular to a longitudinal central 
(X) axis (112) of the steel cord and taking the form of a two-dimensional curve throughout at least one twist pitch 
length thereof, as viewed in the longitudinal axis direction, 

the curve of at least one of the strength elements being convex throughout the at least one twist pitch length, 
30 characterized in that 

the convex curve has a radius of curvature varying between a maximum and a minimum so that micro-gaps are 
formed between the convexly curved strength element and the other strength elements adjacent thereto, the micro- 
gaps being substantially smaller than the twist pitch and enabling rubber penetration. 

35 2. A steel cord according to claim 1 , wherein said distance between two minimum radii of curvature of said at least 
one curve measured along the longitudinal central axis (112) is smaller than half the pitch of the element which 
provides said at least one curve. 

3. A steel cord according to claim 1 , wherein said convex curve substantially resembles a polygon. 

40 

4. A steel cord according to claim 1 , wherein all of said strength elements (1 00, 1 1 6, 1 1 8) provide said convex curve. 

5. A steel cord according to claim 1 , wherein said strength element is a strand (116, 118) consisting of a plurality of 
steel filaments (120, 122, 124, 126, 128, 130). 

45 

6. A steel cord according to claim 1 , wherein said strength element is a steel filament (100). 

7. A steel cord according to claim 6, said steel cord comprising three to five steel filaments (100, 1 32). 

50 8. A steel cord according to claim 7, wherein each of said filaments of said cord have a part load elongation (PLE) 
at a tensile tension of 50 Newton which differs no more than 0.20 % from the PLE of each of the other steel filaments. 

9. A steel cord according to claim 7, said steel cord having a part load elongation (PLE) which is lower than 0.30 % 
at a tensile tension of 50 Newton. 

55 

10. A steel cord according to claim 6, said steel cord having more than five steel filaments (1 38, 140, 142, 144, 146, 
148, 150, 152). 
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11. A steel cord according to claim 10, said filaments all having the same twist step and the same twist direction. 

12. A steel cord according to claim 11 , for each combination of three filaments of said cord which form in a transversal 
cross-section a triangle of neighbouring filaments, at least one of said filaments provide said convex curve. 

5 

13. A steel cord according to claim 1 , said twist pitch having an infinite value. 

14. A steel cord according to claim 6, said steel cord consisting of only one steel filament. 

10 15. A steel cord fabric comprising a weft (160) and a warp (162) wherein said weft or said warp or both is at least 
partially formed by steel cords according to claims 1 to 1 4. 

16. A process for manufacturing a steel cord (114) having a longitudinal (X) axis (112) and comprising a plurality of 
strength elements (100, 116, 118) each twisted with a twisting pitch into the cord, 
is each of the strength elements having a projection in a (YZ) plane perpendicular to the longitudinal (X) axis (112) 

and taking the form of a two-dimensional curve throughout at least one twist pitch length thereof, as viewed in the 
longitudinal axis direction, 
said process comprising as steps : 

20 - subjecting at least one of said elements (100) to a bending operation so that said element (100) obtains a 

convex curve throughout at least one twist pitch length ; 
- bringing said at least one of said elements (100) together with the other elements to form said steel cord, 

characterized in that 

25 the bending operation is such that the convex curve has a radius of curvature varying between a maximum and a 

minimum so that micro-gaps are formed between the convexly curved strength element (1 00) and the other strength 
elements adjacent thereto, the micro-gaps being substantially smaller than the twist pitch and enabling rubber 
penetration. 

A device for deforming a strength element (100) of a steel cord (114), said device comprising a body (102) having 
a central axis and a circumferential surface (108, 110), said body being rotatable around its central axis when a 
strength element is drawn over an angle of at least 90° over the circumferential surface of said body, said circum- 
ferential surface having a radius of curvature varying between a maximum and a minimum characterized in that it 
gives to a strength element which passes over said circumferential surface a convex curve with a radius of curvature 
which alternates between a maximum and a minimum. 



PatentansprOche 

40 1. Stahlkord (114) mit einer Mehrzahl von Festigkeitselementen (100, 116, 118), die jeweils mit einer Drallsteigung 
zu dem Kord verdrallt sind, wobei jedes der Festigkeitselemente eine Projektion in einer zu einer Langsmittel- (X-) 
Achse (112) des Stahlkords orthogonalen (YZ-) Ebene besitzt und bei Betrachtung in Richtung der Langsachse 
die Form einer zweidimensionalen Kurve uber mindestens eine Drallsteigungslange von sich annimmt, wobei die 
Kurve mindestens eines der Festigkeitselemente uber die mindestens eine Drallsteigungslange konvex ist, 

45 dadurch gekennzeichnet, daB die konvexe Kurve einen Krummungsradius besitzt, der zwischen einem Maximum 

und einem Minimum variiert, so daB Mikrolucken zwischen dem konvex gekrummten Festigkeitselement und den 
ubrigen, ihm benachbarten Festigkeitselementen gebildet sind, wobei die Mikrolucken wesentlich kleiner als die 
Drallsteigung sind und das Eindringen von Gummi ermoglichen. 

so 2. Stahlkord nach Anspruch 1, bei dem der Abstand zwischen zwei minimalen Krummungsradien der mindestens 
einen Kurve - gemessen langs der Langsmittelachse (112) - kleiner als die halbe Steigung des Elements ist, wel- 
ches die mindestens eine Kurve vorsieht. 

3. Stahlkord nach Anspruch 1, bei dem die konvexe Kurve im wesentlichen einem Polygon ahnelt. 

55 

4. Stahlkord nach Anspruch 1, bei dem alle Festigkeitselemente (100, 116, 118) die konvexe Kurve vorsehen. 

5. Stahlkord nach Anspruch 1 , bei dem das Festigkeitselement eine Litze (116, 118) ist, die aus einer Mehrzahl von 



11 



EP 0 734 468 B1 



Stahlfilamenten (120, 122, 124, 126. 128, 130) besteht. 
6. Stahlkord nach Anspruch 1. bei dem das Festigkeitselement ein Stahlfilament (100) ist. 
5 7. Stahlkord nach Anspruch 6, wobei der Stahlkord drei bis fOnf Stahlfilamente (100, 132) umfalBt. 

8. Stahlkord nach Anspruch 7, bei dem jedes der Filamente des Kords eine Teillastlangung (PLE) bei einer Zugspan- 
nung von 50 Newton aufweist, die um nicht mehr als 0,20 % von der PLE jedes der anderen Stahlfilamente ab- 
weicht. 

10 

9. Stahlkord nach Anspruch 7, wobei der Stahlkord eine Teillastlangung (PLE) aufweist, die bei einer Zugspannung 
von 50 Newton kleiner ais 0,30 % ist. 

10. Stahlkord nach Anspruch 6, wobei der Stahlkord mehr als funf Stahlfilamente (138, 140, 142, 144, 146, 148, 150, 
is 152) aufweist. 

11. Stahlkord nach Anspruch 10, wobei die Filamente alle den gleichen Drallschritt und die gleiche Drallrichtung auf- 
weisen. 

20 12. Stahlkord nach Anspruch 11 , wobei fur jede Kombination von drei Filamenten des Kords, die im Querschnitt ein 
Dreieck benachbarter Filamente bilden, mindestens eines der Filamente die konvexe Kurve vorsieht. 

13. Stahlkord nach Anspruch 1, wobei die Drallsteigung einen unendlichen Wert besitzt. 

25 14. Stahlkord nach Anspruch 6, wobei der Stahlkord aus lediglich einem Stahlfilament besteht. 

15. Stahlkordgewebe mit einem SchuB (160) und einer Kette (162), wobei der SchuB oder die Kette Oder beide min- 
destens teilweise von Stahikorden nach den Anspruchen 1 bis 14 gebildet sind. 

30 16. Verfahren zur Hersteliung eines Stahlkords (114), welcher eine Langs-(X-) Achse (112) aufweist und eine Mehrzahl 
von Festigkeitselementen (100, 116, 118) umfaBt, die jeweils mit einer Drallsteigung zu dem Kord verdrallt sind, 
wobei jedes der Festigkeitselemente eine Projektion in einer zur Langs- (X-) Achse (112) orthogonalen (Y2-) Ebene 
aufweist und bei Betrachtung in Richtung der Langsachse die Form einer zweidimensionalen Kurve Ober minde- 
stens eine Drallsteigungslange von sich annimmt, wobei das Verfahren als Schritte umfaBt: 

35 

Unterwerfen mindestens eines der Elemente (100) einem Biegevorgang, so daB dieses Element (100) eine 
konvexe Kurve Ober mindestens eine Drallsteigungslange erhalt, 
- Zusammenbringen des mindestens einen Elements (100) mit den anderen Elementen, um den Stahlkord zu 
bilden, 

40 

dadurch gekennzeichnet, daB der Biegevorgang derart ist, daB die konvexe Kurve einen KrOmmungsradius besitzt, 
welcher zwischen einem Maximum und einem Minimum variiert, so daB MikrolOcken zwischen dem konvex ge- 
krOmmten Festigkeitselement (100) und den Obrigen, ihm benachbarten Festigkeitselementen gebildet werden, 
wobei die Mikrolucken wesentlich kleiner als die Drallsteigung 6ind und das Eindringen von Gummi ermoglichen. 

45 

17. Einrichtung zur Verformung eines Festigkeitselements (100) eines Stahlkords (114), wobei die Einrichtung einen 
Korper (102) mit einer Mittelachse und einer Umfangsflache (108, 110) umfaBt. wobei der Korper um seine Mit- 
telachse drehbar ist, wenn ein Festigkeitselement Ober einen Winkei von mindestens 90° Ober die Umfangsflache 
des Korpers gezogen wird, wobei die Umfangsflache einen KrOmmungsradius aufweist, der zwischen einem Ma- 
so ximum und einem Minimum variiert, 

dadurch gekennzeichnet, daB sie einem Festigkeitselement, das Ober die Umfangsflache lauft, einen konvexen 
KrOmmungsverlauf mit einem KrOmmungsradius erteilt, der zwischen einem Maximum und einem Minimum ab- 
wechselt. 

55 

Revendications 

1. Cable (114) en acier comprenant plusieurs elements (100, 116, 118) de renforcement tordus chacun selon un pas 
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de torsion pour obtenir le cable, chacun des elements de renforcement presentant une projection dans un plan 
(YZ) perpendiculaire a un axe (112) central longitudinal (X) du cable en acier et prenant la forme d'une courbe 
bidimensionnelle sur au moins toute une longueur de pas de torsion de celle-ci, en la regardant dans la direction 
de I'axe longitudinal, 

5 la courbe d'au moins I'un des elements de renforcement elant convexe sur au moins toute ladite une longueur de 

pas de torsion, 
caracterise en ce que : 

la courbe convexe a un rayon de courbure variant entre un maximum et un minimum de sorte que des micro- 
espaces sont formes entre I'element de renforcement courbe de maniere convexe et les autres elements de ren- 
te forcement adjacents a celui-ci, les micro-espaces etant considerablement plus petits que le pas de torsion et 
permettant une penetration de caoutchouc. 

2. Cable en acier selon la revendication 1, dans lequel ladite distance entre deux rayons de courbure minimaux de 
ladite au moins une courbe mesuree selon I'axe central longitudinal (112) est inferieure a la moitie du pas de 

15 I'element qui procure ladite au moins une courbe. 

3. Cable en acier selon la revendication 1 , dans lequel la courbe convexe ressemble approximativement a un poly- 
gone. 

20 4. Cable en acier selon la revendication 1, dans lequel tous les elements de renforcement (100, 116, 118) procurent 
ladite courbe convexe. 

5. Cable en acier selon la revendication 1, dans lequel I'element de renforcement est un toron (116, 118) constitue 
d'une pluralite de filaments d'acier (120, 122, 124,126, 128, 130). 

25 

6. C§ble en acier selon la revendication 1 , dans lequel I'element de renforcement est un filament d'acier (100). 

7. cable en acier selon la revendication 6, ledit cable en acier comprenant trois a cinq filaments (1 00, 1 32) d'acier. 

so 8. Cable en acier selon la revendication 7, dans lequel chacun des filaments dudit cable a un allongement sous 
charge partielle (PLE) avec un effort de traction de 50 newtons qui ne differe de pas plus de 0,20% du PLE de 
chacun des autres filaments d'acier. 

9. Cable en acier selon la revendication 7, ledit cable en acier ayant un allongement sous charge partielle (PLE) 
35 inferieur a 0,30% avec un effort de traction de 50 newtons. 

10. Cable en acier selon la revendication 6, ledit cable en acier comportant plus de cinq filaments d'acier (138, 140, 
142, 144, 146, 148, 150, 152). 

40 11. cable en acier selon la revendication 10, dans lequel les filaments ont tous un pas de torsion identique et une 
direction de torsion identique. 

12. cable en acier selon la revendication 11 , dans lequel pour chaque combinaison de trois filaments dudit cable qui 
torment dans une coupe transversals un triangle de filaments voisins, au moins I'un desdits filaments foumit ladite 

4S courbe convexe. 

13. Cable en acier selon la revendication 1 , dans lequel ledit pas de torsion a une valeur infinie. 

14. cable en acier selon la revendication 6, ledit cable en acier etant constitue d'un seul filament d'acier. 

so 

15. Tissu de cables en acier comprenant une trame (160) et une chatne (162), dans lequel la trame ou la chaTne ou 
toutes les deux sont formees au moins partiellement par des cables en acier selon les revendications I a 14. 

1 6. Precede pour fabriquer un cable (1 1 4) en acier comportant un axe (1 1 2) longitudinal <X) et comprenant plusieurs 
55 elements (100, 116, 118) de renforcement tordus chacun selon un pas de torsion pour obtenir un cable, 

chacun des elements de renforcement presentant une projection dans un plan (YZ) perpendiculaire a I'axe (112) 
longitudinal (X) et prenant la forme d'une courbe bidimensionnelle sur au moins toute une longueur de pas de 
torsion de celle-ci, en la regardant dans la direction de I'axe longitudinal, 
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ledit procede comprenant comme etapes : 

- la soumission d'au moins I'un desdits elements (100) a une operation de pliage de sorte que ledit element 
(100) acquiere une courbure convexe sur au moins toute une longueur de pas de torsion, 

5 

- la reunion d'au moins I'un desdits elements (100) aux autres elements pour former le cable en acier, 
caractdrisd en ce que : 

I'operation de pliage est telle que la courbe convexe presente un rayon de courbure variant entre un maximum et 
10 un minimum de sorte que des micro-espaces sont formes entre I'element (1 00) de renforcement courbe de maniere 

convexe et les autres elements de renforcement adjacents a celui-ci, les micro-espaces etant considdrablement 
plus petits que le pas de torsion et permettant une penetration de caoutchouc. 

17. Dispositif pour deformer un element (100) de renforcement d'un cable (114) en acier, ledit dispositif comprenant 
is un corps (102) qui comporte un axe central et une surface circonferentlelle (108, 110), ledit corps pouvant toumer 

autour de 6on axe central iorsqu'un element de renforcement est etire selon un angle d'au moins 90° sur la surface 
circonferentlelle dudit corps, ladite surface circonf erentielle ayant un rayon de courbure qui varie entre un maximum 
et un minimum, caracterise en ce qu'il donne a un element de renforcement qui passe sur ladite surface circon- 
terentieUe une courbure convexe dont le rayon de courbure alterne entre un maximum et un minimum. 

20 
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FIG.6 
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FIG. 10 
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FIG.B 
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FIG.1A 
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FIG.15 
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FIG.16 
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